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ABSTRACT
The objective of this work is to understand how the chemical structures of
molecules relate to their electronic and optical properties, and use this understanding
to design and synthesize novel organic dyes for organic photovoltaic devices such as
dye-sensitized solar cells (DSSCs).
Due to their high efficiencies and their potentially low production costs, dye-
sensitized solar cells (DSSC) have attracted much attention during the last few years.
Several transition-metal complexes have been used as sensitizers in high performing
DSSC. Besides transition-metal complexes, many metal-free organic dyes have been
explored and exhibited high overall conversion efficiency in DSSC. In general, these
organic chromophores can be divided into three parts: donor,  conjugated bridge
and acceptor.
A series of carbazole, triphenylamine and anthracene dyes were prepared
and their photophysical and electrochemical properties were thoroughly studied. The
contributions to the highest occupied molecular orbital (HOMO) and lowest
unoccupied molecular orbital (LUMO) energy levels and overall conversion efficiency
of DSSC device were investigated by altering the donor or bridge or acceptor
components in each series of dyes. An overall conversion efficiency of more than 3%
was achieved for triphenylamine based DSSCs. Quantum chemical calculations
(which include DFT, TD-DFT and periodic DFT studies) were carried out to study the
structural, electronic and spectral properties of isolated dye and dye-TiO2 systems.
An introduction to the DSSC is given in the first chapter which includes a brief
description of the operating principle of the cell and the electron transfer processes
involved in it. Basic requirements for the dye to act as sensitizer and the advantages
of organic dye over ruthenium polypyridyl complexes were briefly discussed.
Literature reports on the Ru-complexes and metal-free organic dyes were thoroughly
reviewed in this chapter.
In chapter 2, two novel Donor  Acceptor (D  A) organic dyes with
carbazole as donor, phenylethynyl, thienylethynyl as  spacers and cyanoacrylic
acid as acceptor, were synthesized and characterized. These dyes exhibited charge
transfer character in the ground and excited states as supported by the UV-vis and
fluorescence studies. In order to increase the stability of the cell, the dye-based
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devices are fabricated with redox electrolyte in a high boiling point solvent like
methoxypropionitrile. A reasonably good overall conversion efficiency ~0.82 % has
been achieved for one of the device. DFT and TDDFT studies reveal that large
intramolecular charge transfer takes place from the HOMO to LUMO, in spite of the
twist angle of ~500 between the donor carbazole and the phenyl spacer. Calculations
based on DFT plane wave method reveal the strong binding of the dyes on the
surface of (101) TiO2 surface.
In chapter 3, Five novel triphenylamine based dyes were prepared in this
series. A bipolar moiety i.e. 1,3,4-oxadiazole has been placed between
triphenylamine and  cyano-phenylacrylic acid. The photophysical, electrochemical
and photoelectrochemical studies were successfully investigated. Electrochemical
data revealed the successful tuning of the HOMO and LUMO energy levels, by
changing the substituents at the triphenylamine (donor) moiety. A better overall
conversion efficiency of more than 3% was achieved for these dyes. The molecule
with a higher alkyl chain (i.e. tert-butyl) achieved higher efficiency, which can be
attributed to the lesser aggregation effect caused by the bulky tertiary butyl group.
In chapter 4, four anthracene based dyes were synthesized. These have
either the malonic acid or the corresponding cyanoacrylic acid as anchoring groups.
The effect of alternating acceptor group, malonic acid, was investigated by using
absorption spectra, electrochemical data and computational studies. FTIR and ATR-
FTIR studies reveal that the binding type is dissociative and bidentate bridging for
both anchoring groups. The dyes with cyanoacrylic acid as anchoring group have
shown marginally higher efficiency than the malonic group, which can be attributed to
the stronger binding nature (about 6 kcal/mole) of the cyanoacrylic acid on TiO2
anatase (101) surface than the malonic acid acceptor group.
In chapter 5, near infra red absorbing squaraine and croconate series of dyes
were chosen and thoroughly studied by using Gaussian03 suite code, to understand
the electronic structure and the applications of TD-DFT methodology in predicting the
absorption maxima for a given molecule. The computed max and experimental
max matched well after the linear fitting correction and offered good accuracy while
calculating the absorption maximum for any squaraine dye (the mean absolute error
is limited to ± 10nm only). This method is useful while selecting and synthesizing a
potential squaraine based dye to incorporate in DSSC. The TD-DFT method is not
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suitable while predicting the experimental max  for the croconate series, as these
molecules consists of high diradical character.
